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Abstract
We present the measurement of the coupling strength of the Higgs boson to the two vector bosons in the H →
WW → νν channel. Results using the 25 fb−1of data collected in 7 and 8 TeV center of mass energy by the ATLAS
experiment at the LHC are presented [1]. In particular, the extractions of the signal yields from the combination of two
major production modes - the gluon-gluon fusion (ggF) and the vector boson fusion (VBF) - and their signal strength
correlations are presented. The interpretation of these results with respect to the Standard Model (SM) predictions is
also presented.
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1. Introduction
The H → WW → νν (l = e, μ) channel has ad-
vantages for Higgs boson property measurements due
to the large signal yield which provides good statisti-
cal power to measure the cross section precisely at the
Higgs mass mH= 125. Moreover, this channel has direct
sensitivity to the Higgs coupling to W bosons and in-
direct sensitivity to tt¯H coupling via the quantum loop
in the ggF production. These characteristics are ben-
eﬁcial for the precision study of SM Higgs properties.
The H → WW → νν analysis is sensitive to the two
ggF and VBF production modes, with the relative sen-
sitivity which depends on the associated jet multiplicity
(Njet). The dominant backgrounds depend also on the
jet multiplicity: when Njet ≤ 1, the WW and the top
background are dominant while the top background is
the most dominant for Njet ≥ 2. Fig. 1 shows the Njet
distribution after the pre-selection and EmissT,rel cut in the
diﬀerent lepton ﬂavor composition (eμ+μe) where EmissT,rel
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is deﬁned as EmissT × sinΔΦ (for ΔΦ < π2 , otherwise
EmissT ).
Figure 1: Njet distribution after pre-selection and EmissT,rel
for eμ+μe [3]
2. Event selection
With respect to the previous analysis [2], which con-
sidered only diﬀerent lepton ﬂavor composition (eμ+μe)
in the ﬁnal state, the present analysis adds the same ﬂa-
vor lepton composition (μμ+ee). Njet ≥ 2 is added to
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the present study to increase the sensitivity to the VBF
production mode. Exactly two opposite-charged leptons
(e, μ) in any ﬂavor combinations are selected and are re-
quired to pass stringent identiﬁcation criteria in addition
to isolation requirements. The leading lepton is required
to have a pleadT ≥ 25 GeV while sub-leading psubleadT >
15 GeV and |η| < 1.37 and 1.52 < |η| < 2.47 for elec-
trons while |η| < 2.5 is for the muon.
Jets are reconstructed using the anti-kT algorithm
with distance parameter ΔR=0.4, and the number of
jets identiﬁed by a b-tagging algorithm (Nb−jet) are
used to veto jets initiated by a b quark for Njet ≥
1. The Drell-Yan (DY) and multi-jet backgrounds
are suppressed by requiring large EmissT,rel. A signal re-
gion (SR) and a control region (CR) are deﬁned by
the m and ΔΦ which are the invariant mass and
ΔΦ of the di-lepton system, respectively. The trans-
verse mass mT is used in the ﬁnal ﬁt and is deﬁned
as mT =
√
((ET + E
miss
T )
2 − |PT + EmissT |2) with ET =√
(|(PT )2 + m2 |). The signal lies mainly around in
90 < mT < 125 GeV range. More details of the event
selection can be found in Ref. [3].
3. Background estimation
Figure 2: Distribution of the mT for 8 TeV data for
eμ+μe when Njet = 0 [3]
3.1. WW Background
The WW process is the most dominant background
for Njet = 0. Figure 2 shows the expected signal and
the composition of the expected background for eμ+μe
in the Njet = 0 and the WW background is the major
background in this category. It is also comparable to the
single top yield for in Njet = 1 and is a small but still
signiﬁcant contribution for the Njet ≥ 2 channel. The
predicted distributions of the WW background in Njet =
0 and Njet = 1 are normalized using a WW enriched or-
thogonal CR while it is estimated from simulation for
the Njet ≥ 2 channel. The CR is deﬁned as 50 ≤ m
≤ 100 GeV and m > 80GeV for Njet = 0 and 1, re-
spectively. The normalization factors (NF) are 1.16 ±
0.04 (stat.) for Njet = 0 and 1.03 ± 0.06 (stat.) for Njet
= 1. The total uncertainty on the WW background is
7.4%, 37%, and 37% for the Njet = 0, = 1, and ≥ 2
modes, respectively.
3.2. Top Background
The top background in the Njet = 0 bin is esti-
mated using inclusive-jet top-dominated data, multi-
plied by the simulated fraction of top events without
reconstructed jets from that by a b-tagged jets are re-
moved [2]. For the Njet = 1 bin and ≥ 2 jet bin, the
top background is normalized in the CR requiring one
b-tagged jet and removing the ΔΦ and Δm require-
ments.
3.3. W+jet and non-WW Diboson Background
The W+jets background shape and normalization are
estimated from data. The W+jets background in SR is
obtained by scaling the number of events in the data CR
by the fake factor (FF) that is deﬁned as the ratio of the
number of lepton candidates passing all selections to the
ones failing to pass the selections. The total fake factor
uncertainty is 45% (40%) for mis-identiﬁed electrons
(muons). Simulation is used to estimate the non-WW
diboson background and the uncertainties in the SR are
16% (Njet = 0) and 22% (Njet = 1).
4. Systematic uncertainties
The systematic uncertainties are divided into two cat-
egories: experimental and theoretical. QCD renormal-
ization and factorization scale uncertainties aﬀect the
prediction of ggF signal and are also the main source of
uncertainty on the WW background. In addition, the un-
certainties from Parton Showering scheme (PS) and the
Underlying Events (UE) are non-negligible. The experi-
mental uncertainty is dominated by ﬁnal object (leptons,
jets, and EmissT ) selection and energy/momentum scale
and resolution of the diﬀerent objects.
5. Result
The observed signiﬁcance of the signal with mH=
125 GeV is 3.8σ (Exp. 3.7σ), but the highest signif-
icance, 4.1σ, is found at mH= 140 GeV. The signal
strength (μˆ) of 7 and 8 TeV data combining all jet mul-
tiplicity is
μobs = 1.01 ± 0.21(stat.) ± 0.19(theo.)
± 0.12(expt.) ± 0.04(lumi.)
= 1.01 ± 0.31(tot.),
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and the observed VBF signal signiﬁcance at mH= 125
GeV is 2.5σ (Exp.1.6σ). Statistical tests of the VBF
signal are performed on the data by treating the ggF sig-
nal as part of the background. The test deﬁnes μVBF ,
the signal strength parameter associated with the VBF
process, as the parameter of interest. The ggF signal
strength μggF is constrained mainly by the Njet ≤ 1 sig-
nal regions. The best-ﬁt measured signal strength at
mH= 125 GeV is
μobs,ggF = 0.82 ± 0.36 , μobs,VBF = 1.66 ± 0.79
Figure 3: Likelihood contours and best-ﬁt value [3]
Figure 3 shows a two-dimensional likelihood scan
of the signal strength for the ggF and VBF production
modes and the best ﬁt lies within 1σ range of Standard
Model expectation (denoted as the blue +). The cross
section measured with 8 TeV data at mH= 125 GeV
is [3]
(σ · B) = 6.0 ± 1.6 pb (Exp. 4.8 ± 0.7 pb).
6. Combined Coupling measurement
The H → WW → νν channel has been combined
with other Higgs decay channels [4] and the measured
combined mass is 125.5 GeV. Fig. 4a shows the like-
lihood contours in the μggF+tt¯H and μVBF+VH plane at
mH=125.5 GeV. The total combined signal strength is
μ= 1.30 ± 0.12 (stat.) +0.14−0.11 (sys.). The coupling mea-
surement is also done. The measured coupling scale
factors κV for all fermions and κF for all vector bosons
are κV = 1.15 ± 0.08 and κF = 0.99+0.17−0.15 [5]. The corre-
lation of the coupling scale factors κV and κF overlaying
the 68% CL contours derived from the individual chan-
nels and their combination is shown in Fig. 4b. From
both ﬁgures, SM expectation lies within 1σ range of
H → WW → νν channel.
7. Conclusions
The analysis of the H → WW → νν process in
the mass range of 115 - 200 GeV is presented using the
complete data sample of 2011 and 2012. The signal sig-
niﬁcance at mH= 125 GeV is 3.8σ and the best ﬁt signal
(a) Likelihood contours in the μggF+tt¯H and
μVBF+VH plane
(b) Likelihood contours of coupling scale factors
κV and κF
Figure 4: Results of correlation ﬁts for the 2-parameters
in the combination: (a) μggF+tt¯H vs. μVBF+VH , (b) κV vs.
κF [5]
strength at that mass is μ=1.01 ± 0.31. The measured
value of the product of the cross section and the WW
branching ratio for a signal at mH= 125 GeV at 8 TeV
is 6.0 ± 1.6 pb while the expected value is 4.8 ±0.7 pb.
The results of the study agree with the prediction of the
SM Higgs boson through H → WW → νν channel.
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